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(54) Plastic encai>suim0(f saw 4evi0e and method 

(57) A plastic molded SAW aevice (50) is proir«ied 
Dy f lip^niwxng a SAW die ^ onto a <Jib flag (i 6) of a 
lead frame (70) and etlBCfting the t*o (28 lO)tDgeiner 
Dy an onnutor nng (26. 60, 62) of an inaulQUng material 
Of other fioider. go that an aa»ve central ponnn (52) of 
tne SAW die (28) laces the die flag (16) imtissepaiaiad 
ttieretrom. Electricat comacis to the circuitry on the 
SAW die (28) are madCL most conveniently by solder 
fiunps (36) Which seal to eleclrode fingers (18) on the 
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lead frame {io). Thjfi provides a ^ small sealed void 
W. 74. 82) immediately above the active pomon (52) of 
aie SAW die (28) so tnat the atQCfted die (28) and lead 
frame (10) contonanon can be over mowed wrth piassc 
encapsuiam (38) witnoi^ sucn piasDc encapsuiam (38) 
coming in comaa with me acbve region (52) of me SAW 
cliesuifece(42). 
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Pe^ption 

The present mvenuon concerns to encapsulation 

Of surtace a^uaic wave (SAW) dftncae. and owe par- 
wulany. an impcoveci means ana metnoo tor pmsnc 
cncapBAOg&on of sucn devices. 

Backnmunf^ ^ lUft inyflmrmT 

Surface acousBc wave (SAW) devices aia fra- 
queniiy used m commeroa} and omer awicottons as 
RF and IF fmefs to provaa fraquency saiectivity and 
omer fliectrantf: functions. A SAW devioa depends 1^ 
acousttcwav© generation m some cases mese acogs- 
TIC waves are localized to me surtace of tne suwirBie. 
Tmb suDsuates are piazoeiBciric materiats. Because tne 
acoustic waves in a SAW device onen piopagaid aiono 
or very near the 6urface. SAW devicee are generally 
very sensdiva to surface conamons This eensmvny ,$ 
ncrt Ota chemical or electronic Charge nature as IT is fer 
a*ampie. m the case of eemiconduciors. but is of a 
mecnamcai nature For exanpie. toreign maieiia^ in 
comaa wnh me surface of a saw device can change 
me elastic and martial properties of the surface tnereoy 
aftenng me attenuation and propagation of acoustic 
i*«ve6 moving along on me surface. 

Pecausa of mis surface sensitvny. present oay 
SAW devices are typoailypacnaged in herm«icencio- t 
suros. UMr cost pacKaging techniQuSG which arei lor 

«atnple. Widely used in connecBon wnm semjconduoor 
devices and mwgraied arcuns are not generally m 
oonnecwn wim SAw dances For exao^e, simple 
transier molding of piasnc enoosures has not Dean a 
practicatsia in transfer molding, a piasnc material in a 
heated and moften state is fsircBd mrowgn cnanneis m a 
nioid 10 Surround me active device die. under pressure 
10 create a plastic enaoBura. This process can desmjy 
SAW device performance ft IT directly coats me surface « 
of me SA w wim mold compouTKt 

Because of tits, neany a» current SAW devces 
depend upon me use of hermetic packaging tecnmques 
w environmemai protection Ceramic or meiai enclo- 
sures w<m sower or wewea seal construction are com- 4£ 
mon HernwiicpacKaoingw generally costly in terms of 
dom me piece parts rec^ireo arti in the encapsulation 
Pracessing. As me tecnnoiogy for taoncanng SAW die 
ihemsevos has rfiproved. the pacHagmg costs hai^e 
become a larger and larger Share of me total manufac- so 
tunog costs Accordingly, there continues to a need 
lot irt^protfed means and meimxfc for encapsulating 
SAW devices, especially those which permit one lo 
en^aoy low cost plastic encapsulation techniques 

It is an advantage of me present inwtion. mat ss 
SAW devices can De encapsulated in plastic using con- 
ventianai'ir\ieetion or transfer mottng lecnniQues m a 
nwnner mat preserves the desiraoie eieciricai charac- 
teristics of tne encapsulated SAW device. 
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Bf tet Pescnmion of mi> nra«^nflT? 

RG. 1 isapian view, and FiQ. 2 isaaoss-sectionai 
view at me location indicated in Fia l. of a le^ 
fiwne suitable far use wim SAW cie tor encapfiuia- 
tm Showing differem stages of manufacture, 
aooofding to the present invention: 
RGS 3 and 4 are analogous to FiGS i and 2 
respectively, but at later stages m me manufaciui- 
ing process. 

FIG. S shMrs a Simplified plan view of on enogpsu- 
latBd device acoortfng to me present invention: 

RG. 6 Shows a plan View ot me acnv© surface 01 a 
SAW die pna to encapsulation, according to the 
present invenoon; 

RG. 7 is a smpjified partial cioss-seaionai ana cut- 
away View of me SAW die of Fia 6atme location 
indicated m FKi 6; 

FIQ 8 Shows a aoss-sectionai wew analogous » 
me left-hand portion of FiG. 4. scynewnat emargea 
according to a further emtxxjiment of the present 
invention; and 

FiG 9 9iow$ a cross-sectionai view analogous to 
that in FiG 8 Out according to a still further embod* 
iniem or me present inven&on 



Petaited Pescnofion of ihA rv^nqi 



FIG 1 Shows a simplified plan view, and FiQ. 2 
w snows a simpWiedcross-secaonsi view. ilUistratingtt^ 
svucmre and . manufacture of a plastic encapsulated 
Saw darice aocording to me present invention, atdrfter- 
eni stages of manulacture. Lostl frame 10. typically of 
metal sucn as Kbvar*^. or copper, or a plated meal 
5 oomoinatioa conprises die flag i6 on i«hieh a SAw 
device is to be mounted, fingers 78 intervied to connea 
to me various electrical leads on me Saw device, dam 
bars 20 tor mow sealing and siw»»Tino side rails 22 
Portion 12 Of lead frame 10 of FG. l diustrates the slate 
' <w the lead irame at me beginning of the manufactunrn 
process Por»om4 of lead frame lO of FiG. i shows a 
section substantially identical to that depicted in portion 
I2butwim moaddition of annular sealing ring 26 on die 
flag 16 and wtm the location of SAW die 28 iroicatedn 
position above annular sealing ring 26 inFiGi.SAW 
die 28 is Shown as being transparent and it& surface 
details omitted so that Its posoion reiatkve to me uruer- 
lying portions of lead fmnie lO and sealing ring 26 can 
be seen. Annular soabng ring 26 has inside perimeter 
30 viffiiQi. as e expiaineo in connection wim FlQ. 6 
^nfra. is larger man and hes ousside active region 52 of 
activa Surface 42 of Saw device 2$ 

Referring now to FKjS. 3-«. portion 32 of le«l 
frame lO iHustrates the situation when SAW die 28 has 
b^ sealed va annular sealing nng 26 to ae fog is 
and comans 36 on SAWdie 28 male etecfricai eonnec- 
oon wim die hag fingers i& m FIG. 3 as in 1 , SAW 
die 28 IS Shown as bemg transparem and ns surface 
cieiaas omined so thai me undeny^ anangement of 
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leaa frame 10 and ma cxjnnecoon of f«gere 18 and coo- 
taos 36. ana of seaimg nng 26. can be ©asfty seen 

BOftion 34 Of lead frania 10 m FiGS. ittustratBS 
the situation after momg of piasoc encapsulatiQn 38 
around SAW die 28 and lead frame die flag 16 and tne 
imernai ends of comet rmgers 18 Since dte 28 « 
sealed to lead frame 10 oy annular saa}ing ring 26 prior 
10 mowmg Of piaaic encapsuiation 38 arourxs me die 
mere exteis voia 40 (see FiG. 4} ocMfeen acb va surface 

42<rfqie28andupp©f sur1Saqe44of loadframe 10, vttd 
40nasmicKn8&8 46 

P*a s Shows a plan view of encapsuiaied SAW 
da^ice so Aim oomaa leads 18 proiruding from tfie 
s<J8s tnareof afterdamftareaoaiw rails 22ofieao 
frame 10 (Fifis. nava bean Sheared away in a con- 
wentasnai manner. $AWdie 28 s emirely sunouivfed by 
pesttc molding convaound 38. m tne prefwred conf^u- 
ration, but tfna is not essential. The bottom {inactive) 
surfeca of die 28 can be eiqBosed tf desired. 

RCa. 6 IS a plan view of active surface 42 of SAW ae 
2a Howetfer. not all of surtee 42 is active m terrro of 
tne prqpaganon of acoustic waves. 3eneraiiy tna prop- 
agation of acousnc waves occws wiirun a cemiai region 
a 09 suffece 42 as illustrated by the oasneo outline in 
FIGS 6-7 wimm region 52 be electrode structures 54 
wtiicn are cai4>ied by min plated or evaporated or spil^ 
tered metal leads 37 to ejcternai contacts 36 TTw details 
of electrodes 54 wmun acuve region 52 of SAW di e 28 
are beyond the scope of ma present mvenuon and ir»se 
sfiown m connection wim FiGS. 6-7 are intended to be 
merely representative. Persons of SMI ,n the art wd) 
undeisiand how to provide me appcc^iaie electrode 

Btructures on die 28 to achieve the desired performance 
which mayseeK. 



External contacts 36 of die 28 are coi43iao Id lead 
frame fingers 18 during the process in whicfi die 28 is 
sealed to annular seaiing ring 26 at me location 26' illus- 
trated in FiG. 6. It wUi be noted in connection wim FiG. 
6. mat me electrical leads extending betwe&i elec- 
trodes 54 and contacts 36 run underneam the region 
wherein annular sealing rir^ 26. 26' contacts surface 
42. In me preferred efitjodiment, tfie material of sealing 
ring 26 IS a dieiecmc. as for exanpie a thermopiasac 
matenai ormermosaiiing maxenai or catalyzed material 
or 0as& Which is an electrical msiiator. Exampfes of 
suitable material are epoues. siucones. low ten^sera- 
ture glasses and other types of insulators which are 
heat softanawa it is desirable mat these matenate have 
ouigas&ng rates and glass transioon or softening 
temperatures above the injection or cure i^eraiures 
ofencapsuiani3a 

m connection wim the toregoir^ descrpiion of 
FIGS. 1^. the process of manufaouro and structure Of 
oewice 50 IS iflustraied for me case wherein annular 
eeaiing ring 26 is k)cated on leao frame 10. however 
mose or skiB in me art win understand based on me 
desapnon herem. mat annuter sealing nng 26 can 

equally well be located on die 28 as Shown, lor eMwtte 
by annular nng 26- m Fia 6. Aaemativef y. sealing msts^ 



rial can be applied bom on lead frame i0andoni«e28 
so thai mo seal i8 eHectuated between me mater^i at 
two maimg annular coated reo»ons 26. 26^. Any Of mes© 
nwmods are satefactor y The matarai of sealing r.ngs 
5 Z6.26-0Bnai5obeaheatsDftfin8blaai8ssm8ienai as 
tor example, any of me wed Known metai and dielectric 
saaiing glasses used m connection wim encapsuiabon 
<rf semiconductor and other electronic devices. 

It IS also posstte TO use the above described siruc- 
iQ ojre and method in connection wim metal soidar sealing 
materials. However, ance sealing nng ^. 26* passes 
aaoss leads 37 running from contacts 36 to eiecraJe 
arucfiires 54. an insulating layer must be provided over 
leads 37 to prevent an annular sower region havind me 
w Shape of regms 26. 26' l^om shonmg leads 37 
logemer 

FiG 7 (s a cross-sectionai and partial cuwway view 
of SAWdevice 28 at me location aiown m FiG. 6 illus- 
trating a composite so-uciure tor sealuig ring 26 26' 
20 Annular dieiecmc ring 60 IS locatea between leads 37 
and annular electncally conductive (e.g.. rneiei} solder 
sealing ring 62 whicn attaches to die flag 16 Ring60is 
readdy formed using conventional wafer processing 
techniques, before separation of ma SAW devices mm 
» individual die Suitable materials for nng 60 are quarti 
glass, and plastic ream, as for example poiyimxta 

use of metal sowers for ring 62 is particularty 
adwantageous. because may can be meitaa in vacuum 
and have, in general, muoi lower outgasstfig rates man 
30 are encountered wrth typical organic sealing maiMte 
Furmer. me thlcKness or material requkeo to effoa a 
seal IS generally substantially less, thereby minimizing 
me height of me gap above surfece 42 of die 28. The 
use of metal sower far nng 62 m seal die 28 m die feg 
^ 16 is furmer advantageous since very low leak rates can 
be achieved «nm metal sddera. Accordingly, void 40 
(and analogous voids 74. 82} above acbvB device 
region 52 can be made at least as hermw as usmg 
asnvemional soWer seal or weWed metal padtages. 
^ Also Illustrated in FiG. 7 are contacfis 36 in me form 
of sower bunps or other fypee of conductive joining 
n^teriais (e.g . conductive epoxy or glass) which pn>. 
^e continuity from efecmcal leads 37iofmgers 18 of 
lead frame 10. 

^ in a preferred emDodiment. ma aisianco 46 (see 
FiG. 4) separaiing surface 42 and surf^e 44 can De 
contioued incfufmg within annular sealing matenai 
26. glass microspheres of a predetermined diameter in 
me way. as tftepiasiicoriowiemperatufe glass material 

so of ring 26 mens or softens, me 28 collapses toward sur- 
1^ 44 um It IS resting upon the microspheres con- 
tainao wfihin me sealing matenai of nng 26 Such 
microspheres can be Obtained wan dwwieiers of a faw 
microns, more or less, arw are Bupphed by a nunmer of 

6$ marwfacturers wen Known in the aa 

RG& 8^ are cro8s<«ectionai views analogous to 
portion 32 of FIG 4 showing altemaove embodiments 
of the present mvemion m the embodiment shown m 
FiQ.8. lead f^ame 10 has oownwara ooffteo re»on 70 
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wherem i^per surface « lead ham© io m cotfiaa 
region 70 has been depressed by approxinmieiy dis- 
tance 72 beiomr upper sunoce 44 D)8 28 IS sealed by 
means ot anfxdar nnfi 26 to i^er surface 44 of isad 
frame 10 over cawny 74 oeaied by coinaa region 70. in g 
tfw manner, a 9ap of fieigm 72 « pro^flOod between sur- 
face 44' of lead fmnriB 10 and active surfece 42 in region 
52 of SAW d»e 2a An advantage ol tnis a;^)raach is tfiat 
sepamtion 72 between surfaces 42. 44* is determined. 

ejuapifaftne6eaiingrnateriai.ivmeamoumofcoi*nin9 ,o 
Of lead name i o. This allows lor me use of a me mmi- 
nwn amoum of saaimg nrtaienai for nng 26 stnce it is 
not raquired id space Oie 28 from me die f las 1 6. 

FIG disaviewanatogoustomatinRG 8showing 
a siiB fuoner embodtfneni of ine present invention, in is 
wfticfi lead irame lO has an annular ndge corned m an 
upwflro fjirection at location 76 to aeaze annular noge 
78 so mat when surface 42 of die 28 is m comaa wrth 
annular ndge 78 distance do e predetermined m the 
preferred embodimant. sealing material 26. 26' is so 
located ou»de me perimeter of noge 78 so tnat it is 
prArented ndge 78 from squeezing imo caviiy 82 
between Surface 42 of die 28 and Surtace 44* of lead 
frame 10. 

It IS desirable that heigm 46, 72. 80 be 05 small as ss 
posMe bit not zero, so as to minimije mo void above 
dieBurfiaoB42. especially in region S2. Inmis*ay. even 
if me void IS not oompieieiy sealed against all external 
vapora. me amount of any entenr^ vapor rngnt 
men condense on surfece 42 in active region 52 is cor> so 
respondmgiy very amaii. rf height 46. 72. so ts of me • 
order of a f»w microns or less. men. only urxjer the most 
unifiuai orcumstances would more than a tew monolay- 
ers oonden&B onto surfece 42. Tlius, even in me 

absence Of tmainermeticity. mere ts under most arcum- $5 
stances, iiine adt^erse imiuence on me eiecmsacousnc 
prqperties of me die. The tendency of matenats sucn as 
moisture vspor to condense can be inhi&ted ^ pre- 
treatwig me surfa^ «rim a ^er repenent (hydropm««) 

1^. 40 

Having thus desaibed me invenaon. those of sMi m 8 
the art will understand that many modiiicaiions can be 
made to the above described process, structure and 
matenais without departing from the ^rrtof me presem 

invention and II IS intended to include such vanaDons in 45 
the oatfns that follow. 

Claims 

1- A pias&c encapsulated surface aooustic wave so 
(SAMO device <50). eonv^rising: 

a surface acousnc wave (SAW) d« (28) havmg 
a broad face (42j containing an active region 
(S^ having an outer pertmecer; ss 
a die flag (16) having a suface (44") in juxtapo- 
sition to and fecmg toward said broad face (42j; 
an anrKdar sealing nng (26. 60. 62)pining8a«i 
broad face (42) and said SiiifBce (447 of said 
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die f lag (1Q and leaving a void (40. 74. 82) cfis> 
posed over said actnre region (52). wherein 
sad annular sealmg nng (26. 60. 62) nas an 
inner perimeter (30) larger than sajd outer 
penmeier ot said active region (52): 

a plastic ancapsuiam (38) around 8a.d SAW die 
(28) and said die nag (16) ouisida said void (40 
74. 82); and 

ejtiernai electrical contacts (18) protruding 
from said SAW d evice (50) and ooupled to otr- 
respondmg comacis (36) on said broad face 
(42) of S9ia SAW die 

2. A da^ice (50) as claimed in claim i . wherein a cen- 
tral portion (70) Of said die flag (16) has been 
coined to provide a relief space (74) between said 
surface (44*) of said die f^ (16) arvi said oroad 
to (42j of saxJ SAW die (28). 

a A device (50) as Claimed in Claim 1. wherein mere 
16 provided an annular ridge (78) pr caruding above 
sad <&e nag (16) and facing oowo/d saka broad face 
(42) of said SAW die (28) sucn that an inner perim- 
eter of said annular ridge (78) lies outside gam 
Mer penmeter of said active region (52). 

». A device (50) as Claimed in claim 3. Wherein saki 
annular sealing nng (26. 60. 62) bas ouMe an 
exterior perimeter of said annular ndge (78) 

i. Adevice (50) as Cleaned m Claim 1. Where there s 
furmer provded on said broad face (42) of said 
SAW die (28). an annular diaiectnc region (60) insu- 
lating efecinc leads (37) extending from contact 
regions (36) near apenpnery ol said SAW die (26) 
to within said active region (52), sad annular Oe* 
iectr< region (60) msuianng said eiactnc leads (37j 
ftom an ovenying annular eiectnoaiiy conductive 
solder region (62). 

- A surfece acoustic wave (SAW) device (SO), com- 
pnsmg: 

a surface acoustic %vave (SAW) die (88} having 
a broad face (42) containing an active region 
(52) having an outer perimeter and aeetncal 
contacts (36) lymg outside sad acM region 

(52): 

a die mounting r^ion (16) havmg a swrto 
(44*) m juxnpositidn to and (aong toward sad 
broad face (42), 

an annular sealing nng (26. 60. 69 con^nstfig 
a heat softenaue sealing maienai (26. 60 fi^. 
said annular sealing nng (26. 60. fiS) joining 
togmner said broad faoe (42) and sad suisace 
(44^ of said die mountir^ region (16) leaving a 
•did (40. 74. 82) merebeiMeen over sad acDve 
region (52). wherein sad seating rmg 
(% 60. 62} has an inner perimeier (30) larger 
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inan su oumr perimetdr of sakt ac&vo rofiion 
(SZ):ana 

fitferrm aiecmcai leads (18) coifsiea to deciri- 
cai oomaos C36) on SQia KsroBd Ito (42) of said 
SAW die (2fl!) b neat softenaue oonductsr 5 
(62). wfierein soa neat saDenatfe eeaiind 
material cas. 60. 62) and said heai sonenataie 
oonoucwr (62) are sotcened ei43scamiasy 
SrtWuftaneousijf 10 jpm. respectively, sajd saw 
die (28) 10 said die mounting region (i$) and lo 
eaid elearicai ooniacis (36) io eaid external 
electrical taeds (16). 
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